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ABSTRACT OF THE DISCLOSURE 

METHOD OF DETACHING A SEMICONDUCTOR LAYER 

The invention relates to a method of detachment of a 
layer from a wafer of material chosen from semiconductor 
materials, the method comprising the steps consisting of: 

creating an embrittlement zone in the thickness 
of the wafer, the said embrittlement zone defining the 
layer to be detached in the thickness of the wafer. 

subjecting the wafer to a treatment to perform 
detachment of the layer, at the level of the 
embrittlement zone, 

characterized in that during the creation of the 
embrittlement zone, a localized starting region of this 
zone is constituted, at the level of which the 
embrittlement zone locally has greater embrittlement, so 
that this starting region corresponds to a super- 
embrittled region of the embrittlement zone. 
Figure 1. 



METHOD OF DETACHING A SEMICONDUCTOR LAYER 



The present invention relates to a method of 
detaching a layer from a wafer of material chosen from 
among semiconductor materials , the method comprising the 
steps consisting of: 

creating an embrittlement zone in the thickness 
of the wafer, the said embrittlement zone defining the 
layer to be detached in the thickness of the wafer, 

subjecting the wafer to a treatment for 
effecting the detachment of the layer, at the level of 
the embrittlement zone. 

Methods of this type are already known. These 
methods permit thin layers to be obtained with a possible 
thickness of the order of a micron or less. 

The layer may be of a semiconductor material such as 
silicon. 

The SMARTCUT® method is an example of a method 
making use of such steps. 

It is furthermore specified that the surface of the 
thus created layers should generally conform to very 
strict surface state specifications. 



It is thus common to find roughness specifications 
which should not exceed 5 angstroms in rms (root mean 
square) value. 

Roughness measurements are generally performed using 
an atomic force microscope (AFM) . 

With this type of apparatus, roughness is measured 
on surfaces scanned by the point of the AFM microscope, 
from lxl \im 2 to 10 x 10 \im 2 , and more rarely, 50 x 50 
pm 2 or even 100 x 100 pm 2 . 

It is likewise specified that it is possible to 
measure surface roughness by other methods, particularly 
using a measurement of "haze". This method has the 
particular advantage of permitting rapid characterization 
of the uniformity of roughness over the whole of a 
surface. 

This haze, measured in ppm, arises from a method 
using the optical reflectivity properties of the surface 
to be characterized, and corresponds to an optical 
"background noise" given off by the surface due to its 
micro-roughness . 

As has been mentioned, the surface state 
specifications of detached layers are very strict in the 
semiconductor field. 

In addition, it is likewise desired according to 
these specifications that the roughness be as homogeneous 
as possible over the surface of the detached layer. 

Furthermore, equally strict specifications may be 
associated with the remainder of the wafer after 
detachment (this remainder being termed the "negative") . 

It is certainly possible to provide complementary 
surface treatment steps after the detachment to attain 
these specifications. 
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These complementary treatments may for example make 
use of polishing, sacrificial oxidation, and/or 
supplementary annealing steps. 

However, it would be preferable to reduce recourse 
5 to such complementary treatments, so as to simplify and 
accelerate the layer manufacturing process. 

An object of the invention is to respond to this 

need. 

In order to attain this object, the invention 
10 proposes a method of detachment of a layer from a wafer 
of material chosen from semiconductor materials, the 
method comprising the steps consisting of: 

- creating an embrittlement zone in the thickness of 
the wafer, the said embrittlement zone defining the layer 

15 to be detached in the thickness of the wafer. 

- subjecting the wafer to a treatment to perform 
detachment of the layer, at the level of the 
embrittlement zone, 

characterized in that during the creation of the 
20 embrittlement zone, a localized starting region of this 
zone is constituted, at the level of which the 
embrittlement zone locally has greater embrittlement, so 
that this starting region corresponds to a super- 
embrittled zone of the embrittlement zone. 
25 Preferred, but not limiting, aspects of this method 

are the following: 

- the embrittlement zone is created by atomic 
species implantation, and the starting zone is created 
during the implantation by local implantation of an 

30 overdose of atomic species, 

- the detachment treatment is thermal annealing, 



4 



- the annealing is performed so as to apply to the 
wafer an amount of heat corresponding to the energy 
necessary for effecting the detachment, 

- the annealing is performed so as to apply to the 
5 wafer an amount of heat which is substantially 

homogeneous over the whole embrittlement zone, 

- different heating elements situated facing the 
wafer are selectively controlled during the annealing, 

- detachment is initiated at the level of the 
10 starting region during annealing, 

- the detachment propagates from the starting zone 
over the whole extent of the embrittlement zone. 

Other aspects, objects and advantages of the 
invention will become more apparent on reading the 
15 following description of a preferred embodiment of the 
invention, made with reference to the accompanying 
drawings, in which: 

Figure 1 is a schematic assembly diagram of an 
annealing device which may be used in the invention, 
20 corresponding to a first embodiment of such a device, 

Figure 2 is a more detailed schematic diagram 
of a portion of this device. 

Figure 3 is a schematic diagram of an annealing 
device which may be used in the invention, corresponding 
25 to a second embodiment of such a device. 

Creation of the Embrittlement Zone 

A first step of the method according to the 
invention consists of creating an embrittlement zone, 
30 defining a layer to be detached, within the thickness of 
a semiconductor material wafer. 

The wafer may be, for example, of silicon. 
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In a preferred embodiment of the invention which 
corresponds to an alternative method of the SMARTCUT® 
type, this creation of the embrittlement zone may be 
effected by implantation of atomic species. 
5 According to the state of the art, such implantation 

is usually performed so as to define a uniform 
concentration of implanted atomic species in the 
embrittlement zone . 

To this end, the implantation dose is thus normally 
10 the same for all the regions of the embrittlement zone. 

In the case of the invention, this implantation is 
on the contrary performed by locally creating an 
implantation overdose in a predetermined region of the 
wafer. 

15 This region of the wafer will thus receive a greater 

dose of atomic species than the remainder of the wafer. 

It is specified that this local implantation 
overdose may be obtained by first implanting the wafer in 
a spatially homogeneous manner, then by later locally 
20 implanting an overdose into the desired region. 

As an alternative, it may likewise be envisaged to 
displace the species beam of an implanter over the wafer 
surface, so as to sweep the surface of this wafer. 

In this latter case, the kinematics of beam 
25 displacement over the wafer surface will be defined so as 
to perform a spatially homogeneous implantation on the 
wafer surface, except for the desired specific region 
into which it is desired to implant an overdose and above 
which the implanter is immobilized for a time sufficient 
30 to create this overdose. 

In this configuration, the wafer is fixed and it is 
the implanter beam which is displaced. 
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It is likewise possible to displace the wafer in a 
controlled manner, facing a fixed beam. 

In all cases, the embrittlement zone thus created 
will thus compromise a region having a locally greater 
5 concentration of implanted species. 

This is locally manifested at the level of this 
region of the embrittlement zone by a greater 
embrittlement between the layer to be detached and the 
portion of the wafer corresponding to the remainder, so 
10 that this region (which corresponds to a starting region, 
as will be seen) is at a super-embrittled region of the 
embrittlement zone. 

This super-embrittled region is preferably situated 

at the periphery of the wafer. 

15 And because fine control is possible of the 

implantation characteristics, the creation of such a 
region with a greater concentration of implanted species 
is simple to perform. 

The step of constituting the embrittlement zone has 

20 thus been performed so as to create in this zone a 
localized region where the embrittlement zone has a 
greater embrittlement locally, so that this region 
corresponds to a super-embrittled region of the 
embrittlement zone. 

25 This region of the embrittlement zone will 

conventionally be termed the "starting region"; the 
meaning of this term will become apparent hereinafter. 

And this region of the embrittlement zone is 
localized; it may for example be a region which covers an 

30 angular sector of the order of several degrees at the 
periphery of the embrittlement zone. 
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It is likewise possible, according to an alternative, 

to constitute this specific region all around the 
periphery of the wafer. 

In this case, the angular sector covered by the 

5 starting region may be as much as 360°. And the width of 

this region having a crown shape is thus small, 
substantially less that one centimeter. 



10 Treatment for detachment 

Once the embrittlement zone has thus been 
constituted in the wafer with its starting region, the 
wafer is subjected to a treatment for detachment of the 
layer at the level of the embrittlement zone from the 

15 remainder of the wafer. 

Preferred embodiment 

In the case of the preferred embodiment of the 
invention, wherein the embrittlement zone has been formed 
20 by implantation with a local overdose, the treatment 
makes use of an annealing. 

This annealing permits causing coalescence of the 
micro-bubbles which are generated at the level of the 
embrittlement zone by implantation. 
25 This annealing is preferably effected under 

conditions which permit applying to the wafer as 
homogeneous an amount of heat as possible. 

An effect is sought, in the case of the invention, 
such that during the annealing, detachment is locally 
30 initiated at the level of the starting region, to then 
propagate over the whole of the embrittlement zone so as 
to effect complete detachment. 
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The Applicant has in fact observed that, when 
subjecting wafers to a "conventional" detachment 
annealing in which the wafers are disposed at the center 
of heating elements all providing the same heating 
5 energy, the detachment was initiated at the level of "hot 
points' 7 or "hot regions". 

These hot regions correspond to places in the 
embrittlement zone receiving a locally greater amount of 
heat because of temperature inhomogeneities in the 
10 furnace. They are typically situated in the upper region 
(in the vertical direction) of the wafer. 

In the case of a conventional SMARTCUT® method, it 
may be advisable to use these hot regions for initiating 
detachment . 

15 However, in the case of the invention, this 

initiation of detachment is already effected by the 
starting region, in particular permitting limiting the 
extent of the rough zone related to the detachment, and 
suppression of such hot regions can then be sought. 

20 Several solutions are possible for this purpose. 

Figure 1 shows a first embodiment of an annealing 
device which may be used in the invention. 

The annealing applied to the wafers has the purpose, 
for each wafer, of favoring the detachment of the layer 

25 of material defined within the thickness of the wafer by 
its embrittlement zone. 

The device 10 of Figure 1 comprises a heating 
enclosure 100 for receiving one or more wafers T in order 
to anneal them. 

30 The longitudinal axis of the device 10 is vertical - 

this device is thus of the vertical oven type. 



It will be noted that the wafers T are disposed 
vertically in this enclosure, and not horizontally as in 
the known art . 

The wafers are received in a cage 110, which is 
itself supported by a support 111. 

The support 111 rests on a cover 112 closing the 
throat 120 of the device. 

Wafer retaining means 130 are furthermore provided 
for introducing the wafers into the device 10 and 
removing them after annealing. 

The enclosure 100 is provided with an aperture 101 
situated opposite the throat 120. A heat-conducting gas 
may be introduced into the enclosure through this 
aperture . 

A plurality of heating elements 140 surround the 
enclosure 100. 

These heating elements are disposed one after the 
other in a substantially vertical direction. 

These heating elements may for example be electrodes 
capable of emitting heat when they are supplied with 
electricity. 

Figure 2 gives a better view of the enclosure 100, 
the wafers T, and the heating elements 140 (their number 
being reduced in this figure for the sake of clarity) . 

Means not shown in the figures permit selective 
control of the supply of each heating element, so as to 
selectively control the heating power of each of these 
elements. 

In this manner, the vertical distribution is 
controlled of the amount of heat applied to the wafers 
during heating. 
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The Applicant has in fact observed that the use of a 
conventional vertical oven with the idea of disposing the 
wafers vertically therein, as shown in Figures 1 and 2, 
produced a vertical temperature gradient. 
5 By selectively controlling the supply to the heating 

elements 14 0, a spatially homogeneous amount of heat may 
be applied to the wafers T over the whole extent of the 
embrittlement zone of each wafer. 

This can be visualized, for example, by measurements 
10 of haze produced on the surface of the layers, after 
their detachment. 

Typically, the lower heating elements will be 
supplied more than the upper elements, so as to 
compensate for the natural tendency of heat to rise in 
15 the enclosure and thus generate higher temperatures in 
the upper portion of this enclosure. 

It is thus ensured that the global amount of heat 
applied to the wafers is homogeneous over the entire 
embrittlement zone of each wafer. 
20 The installation of Figures 1 and 2 corresponds to a 

preferred embodiment of an annealing device which may be 
used in the invention. 

However, it is also possible to achieve such a 
homogeneous application of a global amount of heat using 
25 different installations. 

Figure 3 thus shows a device 20 capable of 
performing an annealing according to the invention on a 
wafer T, or on a plurality of wafers. 

The wafer (s) extend substantially horizontally, in a 
30 heating enclosure 200. 

The enclosure is provided with an aperture 201 for 
the introduction of a heat-conducting gas. 
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The device 20 has heating elements shown 
collectively by reference 24 0. 

These heating elements may be disposed solely above 
the wafers, but it is equally possible to duplicate them 
by similar heating elements situated below the wafers. 

The heating elements 240 may be a series of 
individual heating elements (for example, electrodes or 
heating plates) extending in the same horizontal plane. 

Each heating element can then be a circular ring 
placed concentrically to the others, the different 
elements having different diameters. 

The elements are then likewise placed concentrically 
to the wafers when these are in the annealing position. 

Here again, means (not shown) are provided for 
selective and individual control of each heating element. 

It is thus guaranteed that the global amount of heat 
applied to the wafers is homogeneous along the 
embrittlement zone of the wafers. 

The heating elements 240 may likewise be a single 
electrode of the "heating plate" type in which it is 
possible to control the temperature distribution. 

It is likewise possible to replace the elements 240 
by controlled infrared lamps, the respective supplies of 
which are individually controlled. 

And elements 240 of electrode type (for example, as 
concentric circular rings) may be combined with infrared 
lamps, which provide supplementary heating capable of 
locally adjusting the amount of heat applied to the 
embrittlement zone so as to constitute a homogeneous 

30 global amount of heat. 

In any case, in all embodiments of the invention, 
the heating device is capable of effecting homogeneous 
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heating of the wafers, so as to apply a homogeneous 
amount of heat to the embrittlement zone of these wafers. 

In operation, the annealing device according to the 
invention thus applies a homogeneous amount of heat to 
5 the embrittlement zone of the wafers. 

The amount of heat received by each wafer during 
this annealing corresponds to the amount of energy 
necessary to detach the layer from the wafer. 

Whatever the type of installation made use of for 
10 effecting this annealing, there is obtained for each 
wafer a local detachment of the layer from the wafer at 
the level of the starting region. 

This initial detachment then spontaneously 
propagates over the whole embrittlement zone, due to the 
15 sufficient amount of heat applied to the wafer. 

The Applicant has observed that by proceeding in 
this manner a particularly low surface roughness of the 
detached layer is obtained. 

This roughness is furthermore homogeneous. 
20 In contrast, in the case of using a conventional 

detachment annealing, on a wafer whose embrittlement zone 
comprises no starting region, the detachment is initiated 
during the annealing at the level of the hot regions 
mentioned above. 

25 In this case, it is generally observed that the 

local roughness of the detached layer is greater at the 
level of the hot regions than the general layer surface 
roughness . 

In the case of the preferred embodiment of the 
30 invention, this inhomogeneity of roughness is avoided. 
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The invention thus proposes, in its preferred 
embodiment, an alternative of a conventional version of 
the SMARTCUT® method: 

in the case of a conventional SMARTCUT® method, 
5 implantation is performed substantially uniformly over 
the surface of the wafer, and during the detachment 
annealing, the detachment is generally initiated by 
inhomogeneities of the amount of heat applied to the 
wafer, 

10 - in the case of the alternative of SMARTCUT® 

corresponding to the preferred embodiment of the 
invention, on the contrary a non-uniform implantation is 
performed with localized overdose, and during the 
detachment annealing the application of as homogeneous an 

15 amount of heat as possible to the wafer is sought. 

Other embodiments 

As mentioned, it is possible to employ the invention 
according to embodiments different from the preferred 
20 embodiment corresponding to an alternative of a SMARTCUT® 
method. 

According to those embodiments, a starting region is 
likewise created at the level of the embrittlement zone 
of the wafer, and at the level of the starting region, 

25 the embrittlement zone between the layer to be detached 
and the remainder of the wafer is locally super- 
embrittled so as to define a starting region. 

During the treatment aimed at detaching the layer 
from the wafer, this starting region will in all cases 

30 permit initiating detachment, so that this then 
propagates over the whole surface of the embrittlement 
zone . 
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The detachment treatment may in this case be 
effected by mechanical impingement at the level of the 
starting region. 

One or more blades impinging on the peripheral belt 
of the wafer at the level of the starting region may be 
utilized for this mechanical impingement, or even a 
pressurized fluid jet. 
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CLAIMS 



1. Method of detachment of a layer from a wafer (T) 
of material chosen from semiconductor materials, the 
method comprising the steps consisting of: 

creating an embrittlement zone in the thickness 
> of the wafer, the said embrittlement zone defining the 
layer to be detached in the thickness of the wafer, 

- subjecting the wafer to a treatment to perform 
detachment of the layer, at the level of the 
embrittlement zone, 

characterized in that during the creation of the 
embrittlement zone, a localized starting region of this 
zone is constituted, at the level of which the 
embrittlement zone locally has greater embrittlement, so 
that this starting region corresponds to a super- 
embrittled region of the embrittlement zone. 

2. Method according to the foregoing claim, 
characterized in that the ebrittlement zone is created by 
implantation of atomic species, and during the 
implantation the starting zone is cre ated by local 
implantation of an overdose of atomic species. 

3. Method according to the foregoing claim 
characterized in that the detachment treatment is a 
thermal annealing. 

4. Method according to the foregoing claim 
characterized in that the annealing is performed so as to 
apply to the wafer an amount of heat corresponding to the 
energy necessary for effecting the detachment. 

5- Method according to the foregoing claim 
characterized in that the annealing is performed so as to 
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apply to the wafer a substantially homogeneous amount of 
heat over the whole embrittlement zone. 

6. Method according to the foregoing claim, 
characterized in that different heating elements situated 
facing the wafer are selectively controlled. 

7. Method according to one of the four foregoing 
claims, characterized in that detachment is initiated at 
the level of the starting zone during the annealing. 

8. Method according to the foregoing claim, 
characterized in that the detachment propagates from the 
starting zone, over the whole extent of the embrittlement 
zone. 



